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CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
          The selection of the controllers’ plays an important role in the design of any plant 
controller .This is simply because it is the heart of the system. By making a wise choice, 
the controller can achieve the exact predetermined results and achieve the best robust 
stability and performance. 
 
          In recent years, a new control method has surfaced in the literature.  The method 
which is called the Q-parameterization method (sometime referred to as the Youla 
parameterization method) is a modern control design method suitable for both stable and 
unstable plants. It is used mainly to design a stabilizing controller for any system where 
simple conventional control can not guarantees acceptable results. 
 
            There are several robust control methods available in literature. Nonlinear 
methods such as sliding mode control or linear methods such as pole placement control 
as well as H , LQG, and Q-parameterization control are among the controllers that has 
been applied to various control fields. In this thesis, the Q-parameterization controller is 
applied to control a Magnetically Suspended Balance Beam (MSBB) system. 
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The Magnetically Suspended Balance Beam (MSBB) is a balancing system that 
used two magnetic coils to balance the beam as shown in Figure 1.1. These two 
magnetic coils are placed at each end of the beam, one at the right hand side and one in 
the left hand side. It can be easily described as a small see-saw. 
 
 
Figure 1.1: Symmetric balance beam on two magnetic bearings. 
 
           
 In this project, the main task is to control the gap displacement angle of the 
beam. If the gap displacement angle is equal to the set point, it can be concluded that the 
designed controller is successful in controlling the angle and make the beam become 
stable. 
 
            The whole system is needed to be modeled first by using a state space equation. 
It has been found that this system is having a non linear model. From this nonlinear 
model, the linearization process has to be done first. After the linearized model has been 
acquired, the next task to do is to control the beam until it become stable. 
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            Once the model has been acquired, the Q-parameterization controller is used to 
control the beam. For comparison purposes, the pole placement control (state feedback 
control) and an integral controller will also be considered. In both evaluations, the 
presence of step disturbance is also included in the system. The performance of both 
controllers in controlling the MSBB will be evaluated through extensive computer 
simulation using MATLAB/SIMULINK  
 
 
 
 
1.2 Objective 
 
 
 The objectives of this project are as follows: 
 
1. To formulate the mathematical model of a Magnetically Suspended Balance 
Beam (MSBB) System in state space form. 
 
2. To design a controller based on the Q-parameterization method for stabilization        
of a Magnetic Suspension Balance Beam (MSBB) System. 
 
3.         To simulate the system using the designed controller.                   
 
4.       To compare the results with pole placement controller (state feedback 
             controller), and integral controller.  
 
 
 
 
1.3 Scope of Project 
 
 
 The work undertaken in this project is limited to the following aspects: 
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1. The nonlinear mathematical model of MSBB system adopted in this work is as  
             described in (Baloh et al, 1999), (Lee.  et al, 2001) and (Hu et al, 2002).       
2. The proposed Q-parameterization controller design methodology will be 
designed and applied to the system. 
 
3. The performance of the balance beam control system will be illustrated by   
            simulation using MATLAB/SIMULINK as the platform.  
 
4. The results for Q-parameterization controller will be compared with pole 
placement controller (state feedback control) and integral controller. 
 
 
 
 
1.4 Research Methodology 
 
 
            The research work undertaken in the following four development stages: 
 
1.         To study a Magnetic Suspension Balance Beam (MSBB) System and derive 
            the state space equations. 
 
2. The design of controller base on pole placement technique. 
 
3.         The design of controller based on Q-parameterization method will be explain 
            and applied to the system.  
 
4. The Performance and the results simulation for a Magnetic    Suspension  
   Balance Beam (MSBB) System using Q-parameterization controller will 
   be established.   
 
5.        Analyzed the results by comparing it with pole placement controller and  
  integral controller.  
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1.5       Layout of Thesis 
 
  
           This thesis contains eight chapters. Chapter II contains a brief literature           
review, first for model of the magnetically suspended balance beam (MSBB) System 
and second for design controller (Q-parameterization controller).  
              
          Chapter III contains a brief introduction of MSBB. In this chapter also, the 
mathematical model, which is a nonlinear model of the MSBB is presented.  The linear 
mathematical model of the system is derived and then transforms into the state space 
representations.  
 
          Chapter IV presents the brief introduction of pole placement technique. Then the 
controller is designed using pole placement technique without integral and plus integral 
control. The use of integral control is to eliminate the steady-state error. The controller is 
designed base on design specification.   For this design specification, the percentage 
overshoot % OS and settling time  that have been used are: sT
i. Percent of overshoot, %OS = 10% 
ii.            Settling time, sT = 0.1 second. 
 
Chapter V presents the brief introduction of controller design based on Q-
parameterization method, the controller is designed using the Q-parameterization 
method to satisfy our requirement. Then, using the MATLAB programming, same as in 
Chapter IV, the Q-parameterization controller is also designed base on the same design 
specification.  
 
            For this s design specification, the percentage overshoot % OS and settling 
time sT  that have been used are: 
        i.            Percent of overshoot, %OS = 10% 
        ii.           Settling time,   = 0.1 second. sT
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            Chapter VI will be presents both the results and discussion of pole placement 
technique and the controller design based on Q-parameterization method. For the 
specification design there will be two graph presented. The first one is a gap 
displacement’s graph and another one is an input voltage’s graph. At the end of this 
chapter, the comparison between the pole placement technique and the Q-
parameterization controller is done. Also the comparison between the pole placement 
technique with integral and the Q-parameterization controller is done.  
 
          Chapter VII conclude the work undertaken, suggestions for future work are also 
presented in this chapter. 
 
 
